Introduction
============

Ginger (*Zingiber officinale*) has been used to treat a number of diseases; including those affecting the digestive tract.[@B1]-[@B5] It has been a household remedy for dyspepsia, flatulence, colic and diarrhea, as well as being used in foods as a spice. Pharmacological effects of ginger on the gastrointestinal tract, such as the stimulation of gastrointestinal motility were widely reported.[@B6]-[@B10] In our previous studies, we found ginger accelerated gastric motility such as emptying and antral contractions in healthy volunteers[@B4] and in patients with functional dyspepsia.[@B11] Reports on the issue of effects of ginger to the other digestive organ such as biliary system were relatively scarce. By far, ginger was reported to increase bile secretion,[@B12],[@B13] and could be correlated with the formation of gallbladder stones, but without citing a rationale.[@B14] So far, there is no study reports on the effect of ginger on gallbladder emptying in human or animal. We therefore conducted current study to investigate the effect of ginger on gallbladder ejection fraction by evaluating gallbladder volume using trans-abdominal ultrasound and on relevant gastrointestinal symptoms using questionnaires.

Materials and Methods
=====================

Subjects
--------

Nineteen healthy male volunteers (age 21.3 ± 3.9 years, body mass index 21.6 ± 1.9 kg/m^2^) were recruited. None of them had a history of gastrointestinal disease, gallbladder stone, previous abdominal surgery using regular medications, consuming more than 20 g alcohol daily and smoking. All subjects gave written, informed consent, and the protocol was approved by the Research Ethics Committee of the Chang Gung Memorial Hospital (Kaohsiung).

Experimental Procedure
----------------------

Each subject was studied on 2 occasions, separated by at least 7 days, in randomized, double-blind order. Subjects stopped drinking alcohol for 48 hours before each study day. After fasting 8 hours from solids and liquids, they ingested 3 capsules containing a total of 1,200 mg powdered ginger root (Ginger Root; Nature\'s Way Products Inc, Springville, UT, USA), or a matching placebo containing starch, taken with 50 mL of water. One hour later, they consumed a 500 mL nutrient liquid test meal (drinking time, 5 minutes \[T = -5 to 0 minutes\]; commercial meat soup \[chicken and corn soup\] containing 2.6 g protein, 2.6 g fat and 21.2 g carbohydrate \[118.6 kcal\]; United Kanboo Co, Ltd, Taipei, Taiwan). The soup was boiled and subsequently cooled to 37℃ before ingestion.

Measurements of Gallbladder Volume
----------------------------------

Measurements of gallbladder volume were performed with the subject seated in a comfortable chair, leaning slightly backward (about 100°), using a Toshiba SSA-340A CL Ultrasound Machine (Toshiba Co, Ltd, Japan) with a 3.5 MHz convex array probe. The transducer was positioned vertically to visualize. All gallbladder volumes were calculated by using the formula for volume (cm^3^) = 0.52 × (length \[cm\] × width \[cm\] × height \[cm\]).[@B15] Measurements of gallbladder width, depth and diameter were obtained at baseline (T = -10 minutes), and 10 minutes interval from T = 0 to 90 minutes. Ejection fraction of the gallbladder at each postprandial time point was calculated as follows: EF (%) = (\[fasting gallbladder - postprandial gallbladder volume\]/fasting gallbladder volume) × 100.[@B16],[@B17]

Measurement of Abdominal Symptoms
---------------------------------

Abdominal symptoms (abdomen fullness, nausea, abdomen discomfort, bloating and hunger) were assessed at baseline (T = -10 minutes) and at 10 minute intervals from T = 0 to 90 minutes, using 10 cm visual analogue scales.[@B18]

Statistical Methods
-------------------

The data was analyzed by Statistical Package for Social Sciences (SPSS) 13.0 version (SPSS Inc, Chicago, IL, USA). The curves for gallbladder volume, ejection fraction and gastrointestinal sensation scores, were compared using repeated measures analysis of variance. Ejection fraction of gallbladder and gastrointestinal sensation scores were compared using Student\'s paired *t* tests. Results are shown as means ± SD. *P*-values \< 0.05 were considered significant.

Results
=======

The mean ± SD of initiatory gallbladder volume was 17.4 ± 7.0 cm^3^, then gradually decreased to the smallest gallbladder volume which was 11.1 ± 4.5 cm^3^ post test meal 30 minutes and returned to plateau after 60 minutes. There were no differences in gall bladder volume ([Fig. 1](#F1){ref-type="fig"}) or ejection fraction between ginger and placebo ([Fig. 2](#F2){ref-type="fig"}).

Abdominal hunger sensation was increased correlating with time in both 2 groups. No significant difference existed between the 2 study days regarding the abdominal symptoms such as abdomen bloating, fullness, nausea, abdomen discomfort and hunger ([Fig. 3](#F3){ref-type="fig"}). All volunteers tolerated the study well and there were no adverse events reported afterwards.

Discussion
==========

Ginger has been recognized as having a digestive stimulant action.[@B1]-[@B5] We had proven the enhanced gastric motility with ginger in normal volunteers and patients suffering from functional dyspepsia. However, the effect of ginger on other digestive system such as biliary system, especially the gallbladder motility is an interesting issue and rarely explored in the literature. Bhat et al[@B19] conducted a study of inserting a polyethylene cannula into the common bile duct of rats, and observed that ginger increased the secretion of bile. Platel and Srinivasan[@B20] reported the digestive stimulant action of ginger to be probably exerted through stimulation of the liver to produce and secrete bile rich in bile acids, and increased bile acid secretion concomitant with the increased bile flow rate, which also played a very important role in fat digestion and absorption. However, they did not measure gallbladder motility in their study. Ginger did not induce any effect on gallbladder volume of healthy human in our current study and this observation of ginger not increasing ejection fraction of the gallbladder after test meal may be explained by the report explaining the enhanced bile flow to be probably exerted through stimulation of the liver to produce and secrete more bile. Ginger may directly stimulate liver to secrete more bile juice, but does not accelerate gallbladder ejection fraction. We did not directly monitor gallbladder motility, therefore we could not exclude the possibility that ginger has any effect on gallbladder motility and further study is needed to clarify this issue.

We used 1,200 mg ginger as testing dose and 60 minutes for duration in our study, because Lien et al[@B21] reported 1,200 mg ginger had a reduction in nausea induced by circular vection and Zick et al[@B22] reported ginger conjugates began to appear 30 minutes after oral dosing, reaching their T~max~ between 45 to 120 minutes, with elimination half-lives ranging from 75 to 120 minutes at the dose of 2.0 g. Although we did not study higher dose of ginger for gallbladder emptying but 1,200 mg had enough effect on gastrointestinal motility as previous studies.[@B4],[@B11],[@B21]

There were no differences between ginger and placebo on the sensation scales for abdominal bloating, fullness, nausea, abdominal discomfort, hunger and desire to eat. This was consistent to our previous reports on gastric emptying. Firstly, the volunteers were healthy and did not suffer from any gastrointestinal symptoms and the test meal we used was relatively low calori product (120 kcal). The increases noted in appetite and bloating after meal ingestion were not significantly different. Secondly, the subjects in current study were healthy volunteers without dyspeptic syndromes, so it could not cause any effort on abdomen sensation.

However, this study encounters limitations. First, we used an aqueous extract of ginger instead of acetone extract. The acetone extract is reported to have more potent cholagogic effect.[@B23] Second, we did not measure bile flow through the common bile duct in our study and could not confirm whether the flow was indeed stimulated by ginger. Third, the calori and proportion of fat in test meal were very low, so it was hard to induce more bile secretion differently. Forth, we did not evaluate the adequate doses of ginger for dose dependent study.

Further studies measuring the trans-sphincter flow to get more information about gallbladder motility may be helpful to clarify this issue. Ultrasound to measure gallbladder volume is difficult and technique-dependent while scintigraphy is still the standard method to measure gallbladder emptying. The effect of ginger on gallbladder in human has never been reported. We used 1,200 mg as from our previous study on gastric emptying but we may need more information regarding the ginger dosage to clarify its effect on gallbladder. In conclusion, ginger (1,200 mg) may not affect gallbladder motility and the relevant abdominal symptoms in healthy male human subjects.[@B4]
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